The genus Nocardioides was proposed by Prauser (1976) and, at the time of writing, the genus comprised 35 recognized species, including the recently described species Nocardioides hwasunensis , Nocardioides hankookensis (Yoon et al., 2008) , Nocardioides salarius , Nocardioides daphniae (Tó th et al., 2008) , Nocardioides fonticola (Chou et al., 2008) , Nocardioides koreensis, Nocardioides bigeumensis, Nocardioides agariphilus (Dastager et al., 2008) , Nocardioides basaltis and Nocardioides sediminis (Dastager et al., 2009) .
During the course of a study on the cultivable aerobic bacterial community in soil of a ginseng field of Pocheon province in South Korea, a large number of novel bacterial strains were isolated (Im et al., 2005) . One of these isolates (designated strain Gsoil 1124 T ) appeared to be a member of the genus Nocardioides in the family Nocardioidaceae lineage and was the subject of a taxonomic investigation.
In the present study, we conducted phylogenetic analyses on the basis of 16S rRNA gene sequences and chemotaxonomic tests and tests for some important phenotypic characteristics to determine the precise taxonomic position of the strain. On the basis of the results obtained in this study, we propose that strain Gsoil 1124 T should be placed in the genus Nocardioides as the type strain of a novel species, Nocardioides ginsengisoli sp. nov.
Strain Gsoil 1124 T was isolated originally from soil of a ginseng field of Pocheon province in South Korea. The soil sample was suspended in 50 mM phosphate buffer (pH 7.0) and the suspension was spread on one-fifthstrength modified-R2A agar (per litre water: 0.25 g tryptone, 0.25 g peptone, 0.25 g yeast extract, 0.125 g malt extract, 0.125 g beef extract, 0.25 g Casamino acids, 0.25 g Soytone, 0.5 g glucose, 0.3 g soluble starch, 0.2 g xylan, 0.3 g sodium pyruvate, 0.3 g K 2 HPO 4 , 0.05 g MgSO 4 , 0.05 g CaCl 2 , agar 15 g) plates after serial dilution with 50 mM phosphate buffer (pH 7.0). The plates were incubated at 30 u C for 1 month. Single colonies on the plates were purified by transferring them onto new plates of modified-R2A or one-half-strength modified-R2A agar and incubated again. The purified colonies were tentatively IP: 54.70.40.11
On: Tue, 12 Mar 2019 21:53:02 identified by means of partial sequences of the 16S rRNA gene (Im et al., 2005) . Strain Gsoil 1124 T was one of isolates that appeared on the modified-R2A agar plates under aerobic conditions. The strain was routinely cultured on R2A agar at 30 u C and maintained as a glycerol suspension (20 %, w/v) at 270 u C.
The Gram reaction was performed by using the non-staining method as described by Buck (1982) and the staining method as described by Cappuccino & Sherman (2002) . Cell morphology and motility were observed with a Nikon light microscope (61000 magnification) using the hanging drop technique, with cells grown on R2A agar for 3 days at 30 u C. Catalase activity was determined by using bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl p-phenylenediamine. For single-carbon-source assimilation studies, a defined liquid medium containing basal salt media was used, containing (g l 21 ): 1.8 g K 2 HPO 4 , 1.08 g KH 2 PO 4 , 0.5 g NaNO 3 , 0.5 g NH 4 Cl, 0.1 g KCl, 0.1 g MgSO 4 and 0.05 g CaCl 2 . A vitamin solution (Widdel & Bak, 1992) , trace element solution SL-10 (Widdel et al., 1983) and selenite/tungstate solution (Tschech & Pfennig, 1984) were added to the medium and the pH was adjusted to 6.8. The liquid medium was poured into 96-wells and 625 stock filter-sterilized carbon sources were added to the wells. Growth was examined visually on 96-well plates incubated at 30 u C for up to 7 days. The negative control well did not contain a carbon source. Positive control cultures were grown in wells containing R2A broth. Some physiological characteristics were determined with the API 20E galleries according to the instructions of the manufacturer (bioMérieux). Anaerobic growth was determined in serum bottles containing R2A broth supplemented with thioglycolate (1 g l 21 ), with the upper air layer replaced with nitrogen gas. The test for anaerobic nitrate reduction as a terminal electron acceptor was performed in serum bottles containing R2A broth supplemented with thioglycolate (1 g l 21 ), with the upper air layer replaced with nitrogen gas, and nitrate was added as KNO 3 at concentrations of 10 mM. Nitrate reduction under aerobic conditions was confirmed by using, in each case, three serum bottles (25 ml) containing 12 ml R2A broth, with nitrate added as KNO 3 at concentrations of 10 mM. The reduction of nitrate was monitored by using an ion chromatograph (model 790 personal IC; Metrohm) equipped with a conductivity detector and anion exchange column (Metrosep Anion Supp 4; Metrohm). Degradation of DNA (using DNASE agar from Scharlau, supplemented with 1 N HCl), and casein, chitin and starch (Atlas, 1993) , lipid (Kouker & Jaeger, 1987) and xylan and cellulose (Ten et al., 2004) were also investigated; reactions were read after 5 days. Growth at various temperatures (4, 15, 25, 30, 37 and 42 u C) and pH (pH 5.0-10.0 at intervals of 0.5 pH units) was assessed after 5 days incubation. Salt tolerance was tested after 5 days incubation on R2A agar supplemented with 1-10 % (w/v) NaCl. Growth on nutrient agar (Difco), trypticase soy agar (TSA; Difco), and MacConkey agar (Difco) was also evaluated, at 30 u C.
The utilization of aromatic chemicals as sole carbon sources was determined by using a defined broth medium containing the basal salt media described above. After sterilization, the three aromatic chemicals phenol (125, 150 and 200 p.p.m.), dibenzofuran (50, 100, 150 and 200 p.p.m.) and N-nitrophenol (50, 100, 150 and 200 p.p.m.), were added separately.
Extraction of genomic DNA was performed using a commercial genomic DNA extraction kit (Core Biosystem) and PCR-mediated amplification of the 16S rRNA gene and sequencing of purified PCR product were carried out according to Ten et al. (2008) . Full-length 16S rRNA gene sequences were compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from GenBank. Multiple alignments were performed using the CLUSTAL_X program (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . The phylogenetic tree was constructed by using the neighbour-joining (Saitou & Nei, 1987) and maximumparsimony methods (Fitch, 1971) in the MEGA 3 program (Kumar et al., 2004) , with bootstrap values based on 1000 replications (Felsenstein, 1985) .
For the measurement of the G+C content of the chromosomal DNA, the genomic DNA of strain Gsoil 1124 T was extracted and purified as described by Ausubel et al. (1995) , enzymically degraded into nucleosides and determined as described by Mesbah et al. (1989) using reversed-phase HPLC. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum conditions, and re-extracted in n-hexane-water (1 : 1, v/v). The crude quinone in n-hexane was purified using Sep-Pak (Waters) and analysed using HPLC, as described by Hiraishi et al. (1996) . Cellular fatty acids of organisms grown on trypticase soy agar (TSA, Difco) for 2 days were analysed. The cellular fatty acids were saponified, methylated, and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The fatty acids analysed by using a gas chromatograph (Hewlett Packard 6890) were identified by means of the Microbial Identification software package (Sasser, 1990) . The presence of diaminopimelic acid (DAP) isomers in the cell-wall peptidoglycan was determined by using thin-layer chromatography after hydrolysis with 6 N HCl at 100 u C for 18 h as described by Komagata & Suzuki (1987) .
Cells of strain Gsoil 1124 T were Gram-positive, strictly aerobic, non-spore-forming, non-motile and short-rodshaped. Colonies grown on R2A agar plates (Difco) for 2 days were smooth, circular, light yellow-white in colour and convex and 1-3 mm in diameter. On R2A agar, Gsoil 1124 T was able to grow at 15-37 u C, but not at 4 or 42 u C. Physiological characteristics of strain Gsoil 1124 T are summarized in the species description and a comparison of selective characteristics of strain Gsoil 1124 T and related type strains is given in Table 1 . Data on utilization of aromatic chemicals as sole carbon sources are given in Supplementary Table S1 (available in IJSEM Online) in which Gsoil 1124 T showed the distinct characteristic compared to other closely related species of genus Nocardioides.
The 16S rRNA gene sequence of strain Gsoil 1124 T determined in this study was a continuous stretch of 1481 bp. Sequence similarity calculations after a simple alignment analysis indicated that the closest relatives of strain Gsoil 1124 T were Nocardioides simplex (98.2 %), Nocardioides aromaticivorans (98.1 %), Nocardioides nitrophenolicus (97.7 %) and Nocardioides kongjuensis (97.7 %).
Lower sequence similarities (,94.5 %) were found with all recognized species in the genus Nocardioides. This relationship between strain Gsoil 1124 T and other members of the genus Nocardioides was also evident in the phylogenetic tree constructed using the neighbour-joining method ( Fig. 1; using 1329 bases) . Strain Gsoil 1124 T and the four species mentioned above formed a monophyletic clade with a bootstrap value (100 %). This finding was also supported by the maximum-parsimony tree.
DNA-DNA hybridization experiments were performed between Gsoil 1124 T and the type strains of respective species of the genus Nocardioides with the method described by Ezaki et al. (1989) using photobiotin-labelled DNA probes and micro-dilution wells. DNA-DNA relatedness values of strain Gsoil 1124 T to the closest four species above-mentioned of the genus Nocardioides were 22-33 %; i.e. to Nocardioides simplex JCM 1363 T (33 %), Nocardioides aromaticivorans DSM 15131 T (28 %), Nocardioides nitrophenolicus JCM 10703 T (25 %), Nocardioides kongjuensis KCTC 19054 T (22 %). The corresponding relative binding values for the reciprocal experiment in which the DNAs of three species were used individually as labelled DNA probes were 18-36 %, which was low enough to assign strain Gsoil 1124 T as a novel species in genus Nocardioides. Where 16S rRNA gene sequence similarity was higher than 97 %, a DNA-DNA hybridization relatedness of 70 % played an important role in clarifying inter-genetic relationship between species (Stackebrandt & Goebel, 1994; Wayne et al., 1987) .
The DNA G+C content of strain Gsoil 1124 T was 70.2 mol%, similar to those of N. aromaticiborans, N. kongjuensis, N. nitrophenolicus, N. simplex, which were in the range of 71.4-73.5 mol%. The respiratory quinone system supported the affiliation of strain Gsoil 1124 T to the genus Nocardioides, where the majority of species in the genus Nocardioides had MK-8(H 4 ) as the predominant quinone. Strain Gsoil 1124 T and the four closest strains contained LL-DAP in the cell-wall peptidoglycan. The cellular fatty acids of strain Gsoil 1124 T and related strains are listed in the Table 2 . According to the Table 2 , although there were some differences between them, the predominant fatty acid of all the five strains compared was iso-C 16 : 0 , which ranged from 33.7 to 57.51 % of the total fatty acids. The major fatty acid of strain Gsoil 1124 T was iso-C 16 : 0 , in contrast to strain Nocardioides simplex (33.7 %). The fatty acids of the five strains were mainly composed of straight-chain unsaturated fatty acids (C 17 : 1 and C 18 : 1 ) and branched-chain saturated fatty acids (iso-C 16 : 0 , iso-C 17 : 0 and iso-C 18 : 0 ).
The chemotaxonomic characteristics determined for strain Gsoil 1124 T were in accordance with those of members of the genus Nocardioides. However, on the basis of the phylogenetic distance from recognized Nocardioides species indicated by 16S rRNA gene sequence similarities, the low level (,33 %) of DNA-DNA relatedness, the combination of unique phenotypic characteristics (Table 1) All data are from this study. All strains are positive for utilization of D-glucose, sucrose, L-alanine, L-arabinose, Lproline, L-serine, malic acid, propionic acid, valeric acid and gluconate. All strains are negative for utilization of L-fucose, Dsorbitol, inositol, itaconic acid, citrate and malonate. All strains are positive for gelatinase, b-glucosidase, protease and acetoin production. All strains are negative for b-galactosidase, lysine decarboxylase, ornithine decarboxylase, H 2 S production, indole production and nitrate reduction. +, Positive; -, negative. with other related species. The tree was constructed using the neighbour-joining method (Saitou & Nei, 1987) with the Kimura (1983) The type strain, Gsoil 1124 T (5KCTC 19135 T 5CCUG 52478 T 5DSM 17921 T ), was isolated from soil of a ginseng field of Pocheon province, South Korea. *Summed feature represents a group of two or three fatty acids which could not be separated by GLC with the MIDI system. Summed feature 4 contains one or more of the following fatty acids: 15 : 0 iso 2-OH and/or 16 : 1v7c.
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